to the early days of spacebane Synthetic Aperture Radar ( S A R ) is known as the minimum antenna area constraint for S A R . In this paper, it is confmed that this constraint strictly applies only to the case where both the best possible resolution and the widest possible swath are the design goals. S A R antennas with area smaller than the constraint allows are shown to be possible, have been used on spaceborne S A R missions in the past, ad should permit further, lowercost SAR missions in the future.
INTRODUCTION
The SAR designer has many parameters to select in specifying a S A R system design, one of which is the antenna size (height and width). A consmint that is often used by S A R designers to help select these parameters is known as the Minimum S A R Antenna Area Constraint. This constraint states that antennas used in S A R systems must have a certain minimum area for the design to be viable. It is derived in many of the standatd texts on the subject (e.g. [l] , [2] , [3] , [4] and [5] ) via a thorough treatment of a special case of SAR design, for which the best possible resolution and the widest possible swath are the design goals. It is clear in the derivation given in [l] , for example, that the constraint in question applies only "for realization of full resolution SAR". In this paper, this constraint is examined and shown to apply only in the special case r e f d to. A more general treatment is also offered here, in which it is shown that smaller SAR a n t e~a s are practicable and offer the SAR system designer a greater d e w of fnxdom in system design. This result rests on three insights into spaceborne S A R design that have each been implemented successfully: the selection of a pulse repetition frequency (PRF) smaller than the nominal Doppler bandwidth; the adoption of a smaller processing bandwidth; and the selection of a data window size in range that is less than the illuminated swath. Because SARs are pulsed radar systems, the SAR designer's task is complicated by the need to consider ambiguous returns in both the azimuth and range dimensions. One basic requirement, adapting the arguments given in [l] , is that the time of reception of the earliest possible echo from any point within the desired swath due to a particular pulse transmission must be later than the time of reception of the last possible echo from any other point within the illuminated swath due to transmission of the previous pulse. This avoids 
Thus the smaller the distance between R, and h, the larger
the PRF is allowed to be. For a desired swath width smaller than the illuminated swath, the optimum would be to select R, < R, and R3 = &.
In the azimuth dimension, again after [l] , the requirement is to measure Doppler Eresuency unambiguously over the range of fnquencies needed to achieve resolution Sx. This paces a lower bound on the PRF given by:
PRF > V/6x
In practice the PRF must be significantly greater than this lower bound to avoid aliasing within the processing bandwidth (V/Sx) q u i r e d to achieve the needed azimuth resolution. In the limit provided when the best possible resolution is required, as in equation (2), this lower bound becomes:
PRF > 2v/La
which states that the PRF in this case should be greater than the range of Doppler frequencies within the bounds of the am illuminated by the physical antenna in azimuth, which is the Doppler bandwidth for that length of a n t e~~t .
Note that, for a desired resolution which is worse than the theoretical best possible, equation (6) allows the t.ddar designer to select a PRF which is smaller than the Doppler bandwidth associated with the given length of the antenna. Also, again from [ll, the azimuth ambiguities need only be evaluated over the processing bandwidth required to achieve the needed azimuth resolution, not over the entire range of frerluencies which the PRF spans.
Combining the constraints given in (4) and (6) yields: which, as noted in [l] , requires that the swath width W, decrease as the azimuth resolution Sx improves (i.e. becomes smaller). Rearranging (8), the relationship between (slant range) swath width and (azimuth) resolution can be more clearly seen, (at 20,000) . For airbome systems, c/2V is typically in the range 300,000 to 750,000 and satisfying the constraint given in (9) is rarely a problem. which is a form of the commonly used minimum antenna area constraint for SARs. SAR system designers often introduce an additional design margin on top of this, so that the actual area of the antenna is given by:
whereKisintherangelto3.
As is clear from the above, equations (12) and (13)
only apply to a special case, which is when the radar designer seeks to achieve both the best possible resolution and the widest possible swath at the same time. The fundamental constraint is actually given in equation (9), which places a limit on the ratio of the swath width versus azimuth resolution that really only depends on the platform speed V.
DISCUSSION

The derivation above
shows that there is no need to constrain S A R to be a certain minimum area. In particular, when designing a S A R system which does not have to achieve both the best possible resolution and the best possible swath width at the same time the SAR system designer is free to select a smaller antenna than would be the case for a SAR optimized to achieve these goals. This has significant impact on tbe design of multi-mode SARs, such as NASA's proposed LightSAR instrument, which may be optimized for one mode but not another, and in the design of moderate resolution SARs, which may take advantage of mnplanar antennas, and other antennas which ~I E not optimized for SAR performance but which may be more cost effective. An excellent example of the latter was the Magellan SAR design [6] , which took an existing 3.7 m diameter parabolic reflector antenna designed for communications and not optimized for S A R data collection, and successfully imaged 97% of the surface of Venus at 100-300 m resolution. Another example was SIR-B, which successfully collected data at a look angle of 60 degrees, though at that angle the antenna area was only half that specified by (12).
This does not mean that S A R antennas can be arbitrarily small in size. The size of the antenna has significant impact on the gain and therefore on the signal-to-noise ratio which must be taken into account. The analysis presented in this paper is no substitute for a rigorous treatment of the calculation of range and azimuth ambiguity levels, which must be factored in by the designer.
The exact form of the antenna pattern and other radar parameters such as range, PRF, processing bandwidth, and the tadar backscatter as a function of incidence angle must all be i ninto such a calculation.
